in northern Chiba Prefecture, central Japan. The degree of safety was evaluated as the size of the safe range. The escape distance (D) between the first individual escaping and the observer was estimated, based on five experiments on the Spot-billed Duck Anas poecilorhyncha the most common species in the study area. I subtracted an area of periphery (unsafe area: width D: 29.2 m from the accessible waterside) from the total area of each pond. The remaining water surface was defined as the safe range. Ten species, including eight dabbling ducks and two diving ducks, were observed at 17 ponds. The total areas and the safe ranges at the 17 ponds with dabbling ducks were significantly larger than at those nine ponds without them. A similar tendency was detected between the seven ponds with diving ducks and the 19 ponds without them. The number of dabbling ducks was positively correlated with the size of the safe range; however no such relationship was detected between the number of dabbling or diving ducks and the total area, or between the number of diving ducks and the size of the safe range. These differences seem to be related to the utilization patterns of the ponds between ducks with different foraging habits. The dabbling ducks utilized the ponds only for resting, while the diving ducks used them as resting and foraging sites. The safe range is a useful index for representing the safety of a roost.
Birds roost in various ecological environments (Skutch 1989 Back et al. 1987) , and others in trees or bushes (e.g. European Starling Sturnus vulgaris and Common Grackles Quiscalus quiscula, Caccamise et al. 1983; Cliff Swallow Hirundo pyrrhonota, Brown 1986 ; American Crow Corvus brachyrhynchos, Gorenzel & Salmon 1995) . Such roosts are presumed to be formed at sites safe from predators (Lack 1968) . Few studies, however, have assessed the actual safety of roost sites, and this is made difficult because most birds roost at night.
Because many species of waterfowl roost on open water during the daytime (e.g. Fredrickson 1971; Craig 1980; Thomas 1986) , they make good subjects for an examination of roost safety. Among waterfowl, two groups are recognized in terms of their * E-mail: tesh a fsinet.or.jp * Present address: The Miyagi Prefectural Izunuma-Uchinuma Environmental Foundation. 17-2 Shikimi, Wakayanagi, Miyagi 989-5504, Japan utilization of roosts. Dabbling ducks commonly roost during the daytime and forage at nearby rice fields at night (Haneda 1954; Sugimori et al. 1989) . In contrast, diving ducks frequently forage in the daytime (Oka & Sekiya 1997) .
Several studies have dealt with roost site selection by ducks (e.g. Higuchi et al. 1988; Takeda 1990 ). More ducks are found in areas where hunting is prohibited and where they are artificially provisioned than in areas where hunting occurs and where there is no provisioning (Higuchi et al. 1988 ). The abundance of ducks is not related to the form of ponds available, but it is affected by human activities, even in areas free from hunting (Takeda 1990 ). The studies of Higuchi et al. (1988) and Takeda (1990) indicate that the extent of human disturbance is an important factor affecting roost site selection by ducks. The effects of human disturbance would be expected to be higher in suburban areas inhabited by many people compared with rural areas, however, so far studies have mainly been conducted in rural areas.
I examined the effect of the size of the safe area in relation to human disturbance on roost site selection of dabbling and diving ducks in suburban areas.
METHODS

1) Study area and duck counts
The study was carried out at 26 ponds in suburban areas in northern Chiba Prefecture, central Japan (around 35*47' N, 140*00' E; 0-20 m a.s.l.). Neither hunting nor food provisioning were conducted at the ponds. The ponds ranged in size from 0.2 ha to 4.5 ha (1.3*1.2 ha, mean*SD). Of the 26 ponds, 18 (69%) were smaller than 1.0 ha ( Table 1) . The shorelines of all the ponds were mostly or partly modified for agricultural use. Duck counts were conducted five to eight times (n=26; 5.2 times/pond on average) at each pond every four or five days from December 1992 to February 1993 and from December 1993 to January 1994. The ducks were observed between 10:00 and 16:00 to count the number after or before moving between the ponds and foraging fields. Observations were made from a single point with good visibility, using a 10 x 35 binocular, a 30 x 67 telescope, and several handcounters.
2) Measurement of the degree of safety
The suburban study area was intensely affected by human activities such as walking, jogging and fishing, but no potential predators, such as eagles, falcons, hawks or small carnivores were observed. Therefore the degree of safety for ducks at the 26 ponds was evaluated based on the size of a safe range, an area excluding part of the unsafe water surface, against human approach.
The safe range was calculated based on experiments during which an observer approached the ducks and their escape distance was estimated. Because the Spot-billed Duck Anas poecilorhyncha was the most common species in the study area (Table 1) , it was used as a representative dabbling duck. Two non-provisioned ponds were selected for measurements of the escape distance of Spot-billed Ducks from human approach. One pond was 1.0 ha (No. 12 in 122 and 184). Ducks were approached on each occasion from a point more than 80 m from the nearest duck, and on each occasion the approach was made in the same clothes, in the same manner, and at the same speed (ca. 3 km/h), because the escape behavior of waterfowl varies according to types of disturbance (Burger 1981) . The escape distance (D) between the first individual escaping and the observer was measured.
The mean escape distance of Spot-billed Ducks was found to be 29.2 m (*1.1 SD, n=5). Takeda (1990) previously reported that the shortest distance observed between people and ducks was 30 m for duckss wintering at 252 suburban ponds, a value very similar to that found in this study. The shorelines of all 26 ponds were visited and checked to see whether access by people to the waterside was possible or not. Stands of trees, and dense reedbeds were apparent barriers preventing people approaching the water's edge. Shorelines with such barriers were presumed to offer safer roosting sites for ducks, than those accessible to people. The unsafe area (width D from the human accessible waterside) was subtracted from the total area of each pond. The remaining water surface was defined as the safe range (Fig. 1) .
3) Statistical analysis
Duck counts were averaged for each pond. The total areas and the safe ranges of ponds used by dabbling Anas spp. or diving Aythya spp. ducks were compared using the Mann-Whitney U-test. Kendall's rank correla- Ponds where dabbling ducks were present were significantly larger total areas than those from which they were absent (present n=17, 1.6*1.2 ha; absent n=9, 0.5*0.3 ha, mean*SD, U=18.5, P=0.002; Fig. 2 ). Ponds where dabbling ducks were present also had significantly larger safe ranges than those from which they were absent (present n= 17, 0.8*1.0 ha; absent n=9, 0.1*0.2 ha, U= 28.0, P=0.008). Similarly, ponds where diving ducks were present were significantly larger than those where they were absent (present, total area n=7, 2.0*1.3 ha; absent total area; n=19, 0.9*0.9 ha, U=23.0, P= 0.012,), with significantly larger safe ranges (present, safe range n=7, 1.1*1.1 ha; absent safe range n=19, 0.4*0.7 ha, U=22.5, P= 0.009). The number of dabbling ducks was positively correlated with the size of the safe range (n=17, *=0.51, P=0.004), but was not correlated with the total area (n=17, * =0.19, n.s., Fig. 3 ). The relationships between the numbers of diving ducks and the total area and the safe range were not sig- nificant (total area n=7, *=0.39, n.s.; safe range n=7, *=0.35, n.s.).
DISCUSSION
Dabbling and diving ducks selected ponds with large total areas and large safe ranges (Fig. 2) . Several previous studies have shown that the number of ducks was positively correlated with total pond area (e.g. Higuchi et al. 1988) . In this study, however, only the number of dabbling ducks was correlated with the safe range (Fig. 3) . Dabbling ducks roost during the daytime (Haneda 1954; Sugimori et al. 1989) , and none were observed foraging at the ponds during the study period. Therefore, the number of resting dabbling ducks was likely to have been affected by the size of the areas where they could roost undisturbed.
If the shapes of ponds are similar, then the sizes of safe ranges are positively correlated with the total area, however, the safe ranges of some medium-sized ponds (e.g. ponds 3, 4 and 5 in Table 1 ) were much smaller than their total area. Furthermore, in these ponds very few dabbling ducks were found roosting, hence significant correlations would not be detected between total area and dabbling duck numbers, whereas safe range size did affect the number of dabbling ducks.
The conclusions would be supported by the lack of a correlation between the number of diving ducks and both the size of total area and safe range (Fig. 3) . Diving ducks frequently forage in the daytime (Oka & Sekiya 1997) , and some diving ducks were observed diving in search of food in the center of the study ponds. Consequently, the number of diving ducks might be related to the size of safe range, and also to the food abundance in the ponds. Food abundance is not necessarily correlated with pond size. This might explain why there was no correlation between the number of diving ducks and either total pond area or safe range size. Nevertheless, diving ducks did not select the extremely small ponds, indicating that a certain extent of open water is required even by diving ducks to ensure their safety.
Previous studies have mainly analyzed the relationship between total pond area and total duck numbers or the number of each duck species, without considering the dabbling and diving ducks as two separate groups (e.g. Takeda 1990 ). The behavioral patterns of dabbling and diving ducks differs markedly, and in this study the relationship between duck numbers and safe range size differed between the two groups (Fig.  3) . It is suggested that it is imported to divide ducks into dabbling and diving groups in order to analyze their roost site selection. Mahaulpatha et al. (2000) reported that ducks select ponds in residential areas where hunting is prohibited, despite there being more natural and human disturbance in such areas compared with ponds in forests. Although the relationship between the number of ducks and the extent of disturbance was not investigated during the present study, the data provide some insights. The extent of disturbance was not estimated in this study; however, the size of the safe range in effect represents a measure of the degree of disturbance at the ponds. The presence or absence of hunting is an important factor for ducks when they are selecting ponds as roosts, and the number of ducks, especially dabbling ducks, relates to the safe area size of those ponds.
In addition to safe range size, other factors may also influence the safety of a roost site. Roost safety may, for example, vary with differing extents of human or predator activities, and considering these variables when assessing the safety of roosts is recommended for any future research on this subject.
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